using a special software for the energy security analysis, which is being developed by the Power Engineering Institute of Moldova and includes a number of calculation blocks. One of the blocks is a special module called "Prognosis" that allows performing two types of forecasts:
• Medium-Term Forecasts (MTF) of Indicator Values; • Short-Term Fuel and Energy Balance Forecasts.
The STF FEB includes the matrix values of all structural components (production, import, export, stocks, transformation input and output, losses, fi nal fuel consumption by sectors (industry, agriculture, transport, residual, etc.) .
The indicative analysis is the general method of energy security researches. It includes a selection (or development) of indicators, which refl ect or describe an object, their monitoring and analysis and determination of the fi nal level of energy security.
The object of analysis is the country's energy sector (electricity, heat and power, fuel sectors) with account for a number of economic and environmental parameters. The system of 46 indicators is formed to analyze the energy sector activities.
The indicators have been monitored annually. During the annual monitoring, the database content is enhanced and updated, the indicator values are calculated, the fi nal level of energy security is defi ned. Scenarios of changes in indicators are determined, medium-term forecast of indicator values is carried out, the most critical indicators are identifi ed, and the activities to eliminate the energy security growing threats are developed.
The STF FEB is carried out by means of the new additional software module. It is implemented in Excel worksheet and includes a set of related tables. The typical example of forecast data is shown in Table 1 .
The FEB structure includes data of production, imports, exports, storage at the beginning and at the end of the year, the consumption of fuels by economy sectors, losses, and data on fuel which is used for conversion into other forms of energy: Transformation Input (TI) and Transformation Output (TO).
The STF FEB is based on the qualitative and quantitative analysis:
• The qualitative analysis includes the study of the current stage of the energy sector and the planned changes in the energy balance structure (e.g., the emergence of new energy generation sources and/or a possible increase in the fuel consumption).
• The quantitative analysis includes calculations of values for two forecasted years. These calculations are based on the data for the last 5-7 years. Changes during the considered period can be different: small, large, intermittent, constant, close to the same value, little changed, etc.
The values for the forecasted years are calculated for each row of FEB worksheet ( Table 1) .
The method of calculation of the predicted values depends on the observed trend: • CAGR (Compound Annual Growth Rate) factor is used for the uniform growth or decline; • LKV (Last Known Value) Ratio is used for a range of little changes of the value or for data based on a single year; • LKS (Last Known Structure) is used for the case, where in the sector fi nal row there were small changes, (for example, in the sector "Transport" in Table 1 ), and the structure of the sector is remained unchanged.
The CAGR factor applies only to the fi nal row of sector. The values for rows within the sector are calculated by a separate formula. It is the multiplication of two factor values: the CAGR and the ratio of the values in the current and previous year.
The STF FEB has summary rows for each sector, as well as the result two rows "Final Consumption" (FEC) and "Gross Consumption" (GC), which are total summarizing rows. They are calculated with account for the "Losses" and "Non Energy Use" data by the following formulas: 
The value for GC can also be found according to the formula
GC = Primary Production + From other sources + Import -Export
-International Bunkers + Stock Changes .
The forecasted values are calculated for all fuels, which are divided into large groups:
• oil; • biofuels; • coal; • gas; • electricity; • heat.
The groups "oil", "biofuels", and "coal" include different types of fuels. For example, a group of "coal" considers anthracite, brown coal, bituminous coal, sub-bituminous coal, coke, oven coke, and other types that are relevant to coal.
The predicted values are calculated for groups of fuels (Table 1) as well as for each type of fuel. Each row of FEB is analyzed. The resulting values are used in various international energy statistics reports (Energy Balances, 2010 -2014 .
The analysis also includes a graphical visualization of the overall trends, the structure of distribution within the economic sectors, and text descriptions.
The fi nal stage of STF FEB is the developing of fl ow-chart diagrams for the forecasted years. The charts refl ect fuel fl ows within the country, values of fuel import for direct combustion and conversion into other forms of energy, losses, consumption per industry segment and others.
On the fl ow-chart diagram each group of fuels is marked by color. This diagram is an informative visual representation of the forecasted fuel consumption in future years.
The example of fl ow-chat is shown in Fig. 1 .
QUALITY OF FORECAST
The forecast quality can be verifi ed in different ways. The forecast accuracy depends on the quality of primary FEB data for previous years. Calculations of the indicators involving the economic parameters (expected value of Gross Domestic Product, country population, etc.) depend on the quality of macroeconomic forecasts. FEB forecast cannot take into account the effects of force majeures such as the political instability, natural disasters, and others. The STF also cannot refl ect any sudden intermittent changes, and in such cases cannot be meaningfully applied. It is also useful to compare the results obtained by the above method with the results obtained by other prediction methods. For example, the software for energy security monitoring and analysis includes MTF module for medium-term prediction for the upcoming 5-year period. The results obtained by MTF were compared with STF calculations. A suffi cient correspondence of the results has been found. For example, for the group "coals" the difference in values was about 10%.
Another way of checking the quality of forecast is to compare the predicted results with the real values of fuels consumption. The published FEB data for the current year allow such a checking, however, these data become available in 1-1.5 year later and can be utilized for decision-making on energy sector future planning and development, while cannot be used for controlling the situation at the present moment.
Nevertheless, despite all the shortcomings and limitations, the STF FEB is the only tool for providing the operational control in the energy sector.
Two STF FEB for the Republic of Moldova were carried out: The quality of the forecast for the years 2014-2015 has been tested by all methods described above. The difference between the actual and predicted values was in the range:
• electricity 1-3%; • heat 6%; • biomass 11%; • oil 4.3%; • gaz 5-6%; • coal 50%.
The forecasting results of international experts have proved satisfactory by matching for all groups of fuels, except for the "coals" group for which random deviations were accounted during the calculations. This negligence has been eliminated in the forecast for 2015-2016, and new trends for the "coal" group were determined.
The obtained results allow the conclusion that this method has a strong potential for FEB forecasting in case all necessary requirements are available and satisfactory.
STF FEB AND ENERGY SECURITY
The STF FEB allows predicting the values of the fuel unit indicators (16 out of 46). This point is important in the analysis of energy security, because prediction allows preparing the arrangements for its maintenance and further planning in the energy sector.
CONCLUSIONS
A new STF FEB module as part of the software package for energy security analysis allows forecasting and visual representing the fuel fl ows in the country. The described methodology has already been used in some countries (for the purpose of energy statistics), but in the Republic of Moldova it is implemented for the fi rst time. An analysis of forecasts has shown satisfactory results compared with the actual data for previous years. The STF FEB can be recommended for the future analysis and planning of energy security.
